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[57] ABSTRACT

Disclosed is a polymer of average molecular weight
ranging from 400 to 20,000 comprising amino substi-
tuted groups in its molecule and resulting from the
reaction of at Jeast one compound with a primary amine
function having 1 to 60 carbon atoms with an unsatu-
rated polyester resulting from the condensation of an
unsaturated aliphatic dicarboxylic compound, compris-
ing at least one ethylenic unsaturation in the alpha posi-
tion of one of the carboxyl groups, with at least one
epoxidated compound having 4 to 62 carbon atoms

chosen from ethers and esters of epoxyalcohols and
esters of epoxyacids.

Also disclosed is a middle distillate composition having
a distillation range from 150° to 450° C. and comprising
a minor proportion, preferably from 0.001 to 2% in

weight, of at least one of the polymers defined herein-
above.

13 Claims, No Drawings
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POLYMERS DERIVED FROM UNSATURATED
POLYESTERS BY ADDITION OF COMPOUNDS
WITH AN AMINE FUNCTION AND THEIR USE AS
ADDITIVES MODIFYING THE PROPERTIES OF
PETROLEUM MIDDLE DISTILLATES WHEN
COLD

This is a division of application Ser. No. 07/305,813
filed Feb. 3, 1989, now U.S. Pat. No. 5,001,202.

SUMMARY OF THE INVENTION

The present invention concerns modified polymers
comprising amino-substituted side groups derived from
compounds with a pnimary amine function.

The polymers of the present invention can be particu-
larly used as additives allowing improvement of the
flow properties of petroleum middle distillates (fuels
and gas oils) when cold.

The modified polymers of the present invention re-
sult from reaction of at least one compound with a
primary amine function having one of the general for-
mulae (IIl) or (IV), descnibed hereinafter, with a con-
densation polymer (unsaturated polyester) resulting
from the condensation of at least one unsaturated ali-
phatic dicarboxylic compound, preferably vicinal, com-
prising at least one ethylenic unsaturation in the alpha
position of one of the carboxyl groups (hereinafter
called *“dicarboxylic compound’’), usually having 4 to
60 carbon atoms, preferably 4 to 30 carbon atoms and
most often 4 to 8 carbon atoms i1n its molecule, with at
least one aliphatic epoxide (hereinafter called “epoxi-
date compound’) having one of the general formulae (I)
or {II) described heremnatfter.

It has surprisingly been discovered that the modified
polvmers of the present invention are additives that lead
to great improvement of the flow properties of hydro-
carbon middle distillates when cold, in particular, im-
provement in the flow point and/or chill point of gas
oils.

The condensation polymers used to prepare the mod-
tfied polymers of the present invention are obtained by
conventional methods for preparation of condensation
polymers known to professionals in the field.

The dicarboxylic compounds used in the present
invention are usually preferably a mono-unsaturated
compound having 4 to 8 carbon atoms per molecule, for
example, maleic acid, fumanc acid, itaconic acid, citra-
conic acid, mesaconic acid and glutaconic acid.

The dicarboxylic compound is preferably a mono-

unsaturated cyclic anhydride such as maleic anhydride,

alkylmaleic anhydndes and alkenyl-succinic anhy-
drides.

Within the scope of the invention, the anhydrides
preferred are maleic anhydnde, citraconic {methylma-
leic) anhydnde and 1taconic (methylene-succinic) anhy-
dride. |

The epoxidated compound used within the scope of
the present invention is a compound usually having 4 to
62 carbon atoms, preferably 4 to 40 carbon atoms, most
often 6 to 40 carbon atoms and advantageously 8 to 40
carbon atoms in its molecule.

Within the scope of the present invention, monoepox-
idated compounds are preferably used or mixtures of
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epoxide groups. The molar proportion of these com-
pounds, called polyepoxidated compounds, in the mix-
ture of epoxidated compounds 1s usually less than 409,
and more advantageously less than 30%.

The aliphatic epoxidated compounds in the present
invention have one of the following general formulae:

R? R3 (D)
| I
RI—C C—R4*—0-R?
\N /
O
- and
R2 R3 (1D)
I I
Rl~C Ce=R4é=~C=0O—RE
N /7 [
O O

in which R! and R3, identical or different, each repre-
sent a hydrogen atom or a lower alkyl group having for
example 1 to 4 carbon atoms, such as methyl, ethyl,
propyls and butyls; R? represents a hydrogen atom, an
alkyl group, preferably substantially linear, having 1 to
57 carbon atoms, preferably 1 to 35 carbon atoms or an
aliphtaic group, preferably substantially linear, compris-
ing one or more oxirane cycles in the chain and having
3 to 57 carbon atoms, preferably 3 to 35 carbon atoms
and more particularly 4 to 35 carbon atoms; R4 repre-
sents an alkylene group, preferably substantially linear,
having 1 to 57 carbon atoms, preferably 1 to 35 carbon
atoms; RS represents an alkyl group, preferably substan-
tially linear, having 1 to 57 carbon atoms, preferably 1
to 35 carbon atoms and more particularly 4 to 35 carbon
atoms oOr an alkanoyl group of formula

RO—C—:
I
O

R¢in these formulae represents an alkyl group, prefera-
bly substantially linear, having 1 to 56 carbon atoms,
preferably 1 to 34 carbon atoms and more particularly 4
to 34 carbon atoms.

The preferred epoxidated compounds are those in
which R! and R3 each represent a hydrogen atom, as
well as those in which R!, R2 and R3 each represent a
hydrogen atom. |

The following can be cited as examples of preferred
epoxidated compounds: compounds in which Rland R3

 each represent a hydrogen atom and in which R2 repre-

35
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- epoxidated compounds, preferably comprising a pro- 65

portion of at least 50% 1in mole of monoepoxidated
compounds and containing several epoxide groups (oxi-
rane cycles) in their molecule, for example, two or three

sents a hydrogen atom, an alkyl group, preferably sub-
stantially linear, having 6 to 35 carbon atoms or an
aliphatic group, preferably substantially linear, compris-
ing one or more oxirane cycles of formula

R7—(C C—R8=),

N\ 7/
o

in which R7 is an alkyl group, preferably substantially
linear, having 1 to 54 carbon atoms, preferably 1 to 32
carbon atoms, R8 is an alkylene group, preferably sub-

stantially linear, having 1 to 54 carbon atoms, preferably

1 to 32 carbon atoms and q 1s a whole number from 1 to
5, preferably from 1 to 3, the R4, R> and R® groups
having the definitions given hereinabove.
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Among the compounds mentioned hereinabove, the
following can be cited as examples of preferred com-
pounds: epoxidated compounds of formula (I) in which
R+ represents a methylene group and epoxidated com-
pounds of formula (II) in which R4 represents an alkyl- 5
ene group having 4 to 24 carbon atoms.

The following can be cited as specific examples of
aliphatic monoepoxidated compounds:
3-ethoxy-1,2-epoxypropane,  3-propxy-1,2-epoxypro-

pane, 3-butoxy-1,2-epoxypropane, 3-pentyloxy-1,2-

epoxypropane, 3-hexyloxy-1,2-epoxypropane, 3-hex-
yloxy-1,2-epoxypropane, 3-heptyloxy-1,2-epoxypro-
pane, 3-octyloxy-1,2-epoxypropane, 3-decyloxy-1,2-

epoxypropane, 3-dodecyloxy-1,2-epoxypropane, 1-

acetoxy-2,3-epoxypropane, l-butyryloxy-2,3-epoxy-

propane, l-lauroyloxy-2,3-epoxypropane, 3-myris-
toyloxy-1,2-epoxypropane, 3-palmitoyloxy-1,2-epox-
ypropane, 3-stearoyloxy-1l,2-epoxypropane, alky! es-
ters, for example methyl, ethyl, propyl, butyl, 2-ethyl-
hexyl and 2-ethylhexadecyl esters of 3,4-epoxy buta-

noic, 4,5-epoxypentanoic, 3,4-epoxynonanoic, 10,11-

epoxyundecanoic, 6,7-epoxyoctadecanoic, 12,13-

epoxyoctadecanoic, 11,12-epoxyoctadecanoic, 9,10-

epoxyoctadecanoic, 11,12-epoxyeicosanoic  and

13,14-epoxydocosanoic acids. 25

The following can be cited as specific examples of
mixtures of epoxidated compounds comprising polye-
poxides: alkyl ester mixtures obtained by esterification
of a mixture of epoxy-acids resulting from epoxidation
of a mixture of fatty acids with ethylenic unsaturations.
The mixture of fatty acids with ethylenic unsaturations
is, for example, a mixture comprising, in the approxi-
mate weight proportions given in table I hereinafter,
acids having 12 to 20 carbon atoms in their molecule
and containing saturated and unsaturated acids. This 35
mixture 1s usually called olein.
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drocarbons, for exampie, a hydrocarbon cut with a high
boiling point such as a kerosene or a gas.oil can be used.
The condensation reaction is usually carried out at a
temperature from about 30° to 200° C., and preferably
from about 50° to 160° C., for about 30 minutes to 30
hours, and preferably for about 2 hours to 15 hours.
Condensation between the dicarboxylic compound
and the epoxidated compound 1s carried out using quan-
tities of each of these compounds such that the epox-

.idated compound/dicarboxylic compound molar ratio

is usually from about 0.4:1 to 1.8:1, preferably from
about 0.8:1 to 1.2:1 and more particularly from about
0.9:1 to 1.1:1.

The unsaturated polyester obtained in this way is then
reacted with at least one compound with a primary
amine function as defined hereinafter. The reaction is
usually carried out in the presence of a solvent which
can be identical or different to that used in the unsatu-
rated polyester preparation step.

When the solvent used in this addition reaction of the
compound with an amine function is the same as that
used during formation of the polyester, it 1s possible to
not isolate the polyester and to carry out the reaction on
the raw polycondensation product, possibly after hav--
ing removed the catalyst used in the polycondensation.

When the polycondensation has been carrned out
without using a solvent, the polyester is preferably first
dissolved in a quantity of solvent, usually representing
in weight the weight of the polyester formed, then the
addition reaction to the compound with a primary
amine group is carried out.

The compounds with a primary amine group used
usually comprise 1 to 61 carbon atoms, preferably 6 to
47 carbon atoms and more particularly 8 to 47 carbon
atoms in their molecule. These compounds with a pri-
mary amine group have one of the following general

TABLE 1
[ h | » »

ACIDS Cj3 Cuu Ciar Cis Cie Cron Ci17a Ciz Ciga Cig2 Cis3 Coo

% Weight 0.8 2.7 1.0 0.5 50 5.5 1.5 1. 680 10.0 2.5 1.0
*saturated acids

. : : . formulae:

In table I heretnabove, C, 1 designates acids compris- 45
ing one ethylenic unsaturation, C;2 designates acids R*—Z{+4CH,)}~NH3}-H ain
comprising 2 ethylenic unsaturations and Cp 3designates
acids comprising 3 ethylenic unsaturations (p s the and

number of carbon atoms).

In order to esterify the epoxy-acid mixture, a mixture,
for example, of alcohols comprising 95% of n-hexade-
cylic alcohol, 3% of n-octadecylic alcohol and 2% of
alcohols having more than 18 carbon atoms in their
molecule can be used. It should be understood that it is
also possible to use one or more compounds of formula
(I) and/or one or more compounds of formula (1I) as
epoxidated compounds. |

The unsaturated polyester is usually obtained by re-
acting at least one dicarboxylic compound (as defined
hereinabove) with at least one epoxidated compound (as
defined hereinabove) in the presence of a condensation
catalyst, for example, a strong acid or a titanium salt, for
example, an alkyl titanate, n-butyl titanate in particular.

Condensation between at least one dicarboxylic com-
pound and at least one epoxidated compound can be
carried out in the presence or absence of a solvent. For
example, 2 hydrocarbon solvent such as benzene, hex-
ane, cyclohexane, toluene, xylene or a mixture of hy-
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HO—R!"—NH, av)
in which R? represents an aliphatic group having 1 to 60
carbon atoms, preferably 6 to 46 carbon atoms, prefera-
bly saturated; Z is chosen from the groups —O—,
—NH— and —NR!!—, in which R!! represents an
aliphatic group, preferably saturated, having 1 to 60
carbon atoms, preferably 6 to 40 carbon atoms and in
which R!l is preferentially a substantially linear group;
n is 8 whole number from 2 to 4; m is zero when Z 1s
—NH— or a whole number from 1 to 4 in all cases; R10
represents an aliphatic group, which is preferably satu-
rated and bivalent, having 2 to 61 carbon atoms, prefer-
ably 6 to 47 carbon atoms and more particularly from 8
to 47 carbon atoms.

The compounds of formula (I1II) above may be pn-
mary monoalkylamines of formula R®>~NH3 (in this
case, in formula (1), Z represents the —NH— group and
the value of m is zero).
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The R°® group is preferably substantially linear and
contains 6 to 46 carbon atoms and preferably 8 to 46
carbon atoms and advantageously 10 to 46 carbon
atoms. |

The following can be cited as specific examples of 5

these amines: methylamine, ethylamine, propylamine,
butylamine, pentylamine, hexylamine, heptylamine,
octylamine, nonylamine, decylamine, dodecylamine,
tetradecylamine, hexadecylamine, octadecylamine,
eicosylamine and docosylamine.

Compounds of formula (111} can also be aliphatic
polyamines, preferably saturated, of formula:

R*—NH4+CH--NH3-H

which corresponds to general formula (II11) in which Z
represents the —NH— group; m can have a value from
I 10 4 and n a value from 2 to 4, preferably 3; R%is as
defined hereinabove, the number of carbon atoms of the

polyamine used usually being from 3 to 61, preferably
from 6 to 47, more particularly from 8 to 47 and advan-

tageously from 10 to 47.
- The following can be cited as examples of specific

compounds: N-alkyl-1,3-diaminopropanes in which the
alkyl group includes 5 to 24 carbon atoms and prefera-
bly 7 to 24 carbon atoms, for example, N-dodecyl-1,3-
diaminopropane, N-tetradecyl-1,3-diaminopropane, N-
hexadecyl-1,3-diaminopropane, N-octadecyl-1,3-
diaminopropane, N-eicosyl-1,3-diaminopropane and
N-docosyl-1,3-diaminopropane. We can also cite N-
alkyl dipropylene tniamines in which the alkyl group
includes 2 to 24 carbon atoms and for example, among
compounds whose alkyl group includes 12 to 24 carbon
atoms, N-hexadecyldipropylene triamine, N-octadecyl-
dipropylene trniamine, N-eicosyldipropylene triamine
and N-docosyldipropylene triamine.

Compounds of formula (III) can also be polyamines
of formula: - |

R'-?
\
N+(CH¥ NH{;H

Rll

corresponding to general formula (III), in which Z
represents—NR!!1— and in which R% and R}, identical
or different, each represent an alky! group having 1 to
60 carbon atoms, preferably 6 to 40 carbon atoms, R
and R!! usually contain 7 to 61 carbon atoms between
them and preferably 8 to 46 carbon atoms; n has a whole
value from 2 to 4 and m a whole value from 1 to 4; R®
and R!! are preferably substantially linear.

The following can be cited as examples of specific
compounds: N,N-diethyl-1,2-diaminoethane, N,N-diiso-
propyl-1,2-diaminoethane, N,N-diisobutyl-1,2-
diaminoethane, N,N-diethyl-1,4-diaminobutane, N,N-
dimethyl-1,3-diaminopropane, N,Ndiethyl-1,3-

diaminopropane, N,N-dioctyl:-l,3-diamin0pmpane,
N,N-didecyl-1,3-diaminopropane, N,N-didodecyl-1,3-
diaminopropane,  N,N-ditetradecyl-1,3-diaminopro-
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pane, N,N-dihexadecyl-1,3-diaminopropane, N,N-dioc-
tadecyl-1,3-diaminopropane, N,N-didodecyldipropy-
lene triamine, N,N-ditetradecyldipropylene triamine,
N,N-dihexadecyldipropylene triamine, N,N-dioc-
tadecyldipropylene triamine, N-methyl-N-butyl-1,2-
diaminoethane, N-methyl-N-octyl-1,2-diaminoethane,
N-ethyl-N-octyl-1,2-diaminoethane, N-methyl-N-
decyl-1,2-diaminoethane, N-methyl-N-dodecyl-1,3-
diaminopropane, N-methyl-N-hexadecyl-1,3-diamino-
propane, N-ethyl-N-octadecyl-1,3-diaminopropane.

Finally, compounds of formula (III) can be ether-
amines more particularly of formula:

Rg—ol( CH3)sNH]}mH

which corresponds to general formula (III) in which Z
is an oxygen atom; the R” is preferably substantially
linear and has the definition given hereinabove; m is a
whole number from 1 to 4 and n is a whole number from
2 to 4, preferably 2 or 3.

Among the alkyl-ether-amines, the following can be
cited as examples of specific compounds: 2-methoxye-
thylamine, 3-methoxypropylamine, 4-methoxybutyla-
mine, 3-ethoxypropylamine, 3-octyloxypropylamine,
3-decyloxypropylamine, 3-hexadecyloxypropylamine,
3-eicosyloxypropylamine, 3-docosyloxypropylamine,
N-(3-octyloxypropyl)-1,3-diaminopropane, N-(3-
decyloxypropyl)-1,3-diaminopropane, (2,4,6-trimethyl-
decyl)-3-oxypropylamine and N-(2,4,6-trimethyldecyl)-
3-oxypropyl-1,3-diaminopropane.

The compounds with a primary amine function in-
volved 1n the preparation of the modified copolymers of

the invention may also be aminoalcohols of formula
(IV):

HO—R!'—NH,

in which R19 represents an aliphatic radical, preferably
saturated, bivalent, linear or branched, preferably sub-
stantially hnear, having the definition given herein-
above. Aminoalcohols comprising a primary alcohol
function are preferably used.

The following can be cited as examples of specific
compounds: monoethanolamine, 1-amino-3-propanol,
l-amino-4-butanol, 1-amino-5-pentanol, 1-amino-6-hex-
anol, 1-amino-7-heptanol, 1-amino-8-octanol, 1-amino-

10-decanol, 1-amino-11-undecanol, l-amino-13-
tridecanol, l-amino-14-tetracdecanol, l-amino-16-hex-
adecanol, 2-amino-2-methyl-1-propanol, 2-amino-1-

butanol and 2-amino-1-pentanol.

It should be understood that it is possible to use one
or more compounds of general formula (1II) and/or one
or more compounds of general formula (IV) as a com-
pound with a primary amine function.

The following can be cited as specific examples of a
mixture of compounds with a primary amine function:

primary fatty amine cuts whose alkyl chains com-

prise, in the approximate molar proportions given
in the table below, Cg, Cig, Ci3, Ci4, Ci6, Cis, Coo
and C>> chains.

~ Alkyl chains

Cut Cs Cio Ci2 Cia Cie Cis Ca0 Ca
A 0 0 0 15 28% T 0 0
B 0 0 0 156 5% 429 129% 409
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-continued
Alkyl chains
Cut Cs Cio Crn2 - Cia Cie c:E'_ C20 C—z.:
C* 3ot 65 56% 18% 109 15¢ 0 0

*Cut C conwains 55 of unsaturated Cy alkyl chains and 29 of saturated C,g alky] chains.

The addition reaction of the compound with a pri-
mary amine function to an unsaturated polyester is usu-
ally carried out with straightforward heating at a tem-
perature usually from about 5° to 200° C., preferably
from about 40° to 160° C., for example at about 60° C.
The reaction is carried out by addition of the compound
with a primary amine function to the unsaturated poly-
ester dissolved in a solvent chosen, for example, from
those mentioned hereinabove and by heating at the
temperature chosen for the length of time long neces-
sary for the reaction to be sufficiently complete. The
length of time of the reaction between the compound
with a primary amine function and the unsaturated
polyester i1s usually from about 1 to 24 hours and most
often from about 2 to 10 hours, for example, about 3
hours. The quantity of compound with a pnmary amine
function reacted is usually from 0.2 to 1.5 mole, prefera-
bly from 0.4 to 1.2 mole and most preferably from 0.5 to
1.1 mole per mole of dicarboxylic compound used in the
formation of the unsaturated polyester. The quantity of
compound with a primary amine function is, for exam-
ple. about 1 mole per mole of dicarboxylic compound.

The modified polymers of the present invention
which can be advantageously used as additives in petro-
leum middle distillates are those comprising substan-
tially linear side chains having at least 8 carbon atoms,
preferably 10 carbon atoms and most preferably 12
carbon atoms, said chain possibly including oxygen
and/or nitrogen atoms. These side chains can be pro-
vided by the epoxidated compound used in the prepara-
tion of the unsaturated polyester or the compound with
a primary amine function reacted with the unsaturated
polyester, or provided by both the epoxidated com-
pound and the compound with a primary amine func-
tion.

The modified polymers according to the invention
used as additives in petroleum middle distillates are
preferably those which include side chains having at
least 8 carbon atoms and advantageously at least 10
carbon atoms and most preferably at least 12 carbon
atoms, provided by both the epoxidated compound used
in the preparation of the unsaturated polyester and the
compound with a pnmary amine function racted with
the unsaturated polyester.

The modified polymers according to the invention
usually have molecular weights ranging from about 400
to 20,000, preferably from about 500 to 10,000 and most
often from about 500 to 7,000.

The preferred modified polymers according to the
invention, as defined hereinabove, allow simultaneous
improvement in the chill point and the flow point of
petroleum middle distillates, which makes them particu-
larly attractive to the refiner.

The additives are obtained in solution in the solvent
chosen and can be directly used in this form in petro-
leum middle distillates (for example, in gas oils) whose
flow and chill points we wish to improve.

In order to observe obvious simultaneous improve-
ment in the chill point and the flow point of the gas oil
cuts contemplated in the invention and defined herein-
after, it is necessary to add these additives at concentra-
tions, for example, from 0.001 to 2% in weight, prefera-
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bly from 0.01 to 19 in weight and more advantageously
from 0.02 to 0.3% in weight.

The gas oil compositions according to the invention
comprise a major proportion of petroleum middle distil-
late having a distillation range according to the ASTM
D 8667 norm between 150° and 450° C. (fuel-oils, gas
oils) and a minor proportion, sufficient for simultaneous
decrease in the chill point and the flow point, of at least
one modified polymer defined hereinabove.

The gas oils contemplated in particular have a distil-
lation range from an initial temperature of about 160° to
190° C. to a final temperature of about 360° to 430° C.

Gas o1l compositions comprising a major proportion
of middle distillate and at least one additive chosen from
the modified polymers according to the invention, de-
fined hereinabove, in a quantity sufficient for simulta-
neous decrease in the chill point and the flow point, can
also tnclude other additives such as antioxidant addi-
tives, sludge dispersants, corrosion inhibitors, etc.

The compositions usually comprise at least 95% and
preferably at least 98% by weight of middle distillate.

The decrease in the flow point can be, for example,
up to 15° C. or more. Furthermore, simultaneous de-
crease 1n the chill point observed which can be, for
example, up to 2° C. or more.

The modified polymers used in the invention allow,
due to their action on the kinetic phenomena of crystal-
hzation, of paraffins in particular, and by modification
of the size of the crystals formed, use of the suspension
at a lower temperature without obstruction of pipes or
clogging of filters. When paraffin crystals appear,
whose formation is provoked by cooling, their natural
tendency is to gather in the lower part of pipes due to
gravity. This phenomenon, known as sedimentation,
leads to obstruction of pipes and clogging of filters and
1s prejudicial to the use of middle distillates, gas oils and
domestic fuels in particular, at low temperatures. The
modified polymers of the invention decrease the sedi-
mentation rate of paraffins formed by cooling of gas oils
and other middle distillates; the paraffins, remaining in
suspension longer, settle less on the sides of pipes in
contact with the gas oils and other middle distillates,
thus slowing down obstruction of said pipes and allow-
ing a product of given characteristics to be used at a
much lower temperature or to use a product at a given
temperature, a product which, obtained by the refiner
without modification of the distillation chart, does not
initially have the required specifications. (These specifi-
cations are at present becoming stricter.)

EXAMPLES

The following examples illustrate the invention with-
out in any way limiting its scope.

In gas o1l cuts used in the examples are those given in
table II. They are characterized according to the
ASTM D 8667 distillation norm. These gas oil cuts of
ARAMCO origin are designated G} and G3; their densi-
ties are also given in table Il.
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Two determinations are carried out for G; and G>
cuts without additives and for compositions containing
an additive:
the chill point, according to the ASTM D 2500-66 norm

the flow point, according to the ASTM D97-66 norm.
TABLE II
ASTM distillation
P P{ % distilled Density
Gas oils "C. *C. at 350° C. at 15° C. in kg/1
G, 189 373 95 0.844
Gy 177 373 92 0.836

EXAMPLE 1 (COMPARATIVE)

14.7 g (0.15 mole) of maleic anhydride, 19.5 g (0.15
molar equivalent) of n-butoxy-1-epoxy-2,3-propane and
17.6 g of xylene are introduced into a 250-ml reactor
equipped with a cooler and a stirring system. The tem-
perature 1s brought to 60° C., then 0.15 g of n-butyl
titanate i1s introduced and the mixture is maintained at
60° C. for 14 hours, with continuous stirring. An unsatu-
rated polyester in the form of a yellow product is ob-
tained which can be characterized using conventional
analysis methods: its IR spectrum shows the disappear-
ance of maleic anhydride bands at 1850 cm—!and 1780

cm— ! and the appearance of a strong ester band at 1720

-~ ]
cm— 1,

The polymer obtained is diluted to 50% in weight in
xylene. This solution constitutes additive A stock solu-
tion. -

EXAMPLES 2 TO 4

The same solution of the same polyester described in
example ! 1s prepared 1n the same way as in example |
and addition of compounds having primary amine func-

tions to various parts of this unsaturated polyester is
carned out.

EXAMPLE 2
42 g (0.15 molar equivalent of primary amine) of a

S
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primary fatty amine cut, whose alkyl chains comprise

on average 1n moles 1% of Ci4, 289% of Cyeand 71% of
C1s. are added to the reactor containing the unsaturated
polvester. After heating for 3 hours at 60° C,, with
continuous stirring, a solution of a product is obtained
which can be charactenzed using conventional analysis
methods following evaporation of the solvent: its aver-
age molecular weight 1s 6500, 1ts polydispersal 1s 1.2
(measured with Steric Exclusion Chromatography
(8.E.C.)), the N.M.R. spectrum shows the disappear-
ance of the unsaturation and confirms addition of an
amine onto the double bond. Infrared spectrometry also
shows disappearance of the band corresponding to the
ethylenic unsaturation of the original polymer. The
solution obtained is diluted in xylene such that a solu-
tion at 50% 1n weight of product is obtained. This con-
stitutes additive A1l stock solution.

EXAMPLE 3

The primary fatty amine cut added to the polyester
consists of primary amines whose alkyl chains comprise,
in moles, about 3% of Cg, 6% of Cjg, 56% of Ci3, 18%
of Ci4, 10% of Ci6, 2% of Cis and 5% of unsaturated
Cis. The operating procedure is identical in all points to
that described in example 2.

The IR and NMR spectra of the product show the
same characteristic bands as those of additive Al. A

solution of additive A2 is thus obtained. Additive A2_
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has an average molecular weight of 4 700 and its poly-
dispersal 1s 1.33 (measured with S.E.C.).

EXAMPLE 4

The primary fatty amine cut added to the polyester
consists of primary amines whose alkyl chains comprise,
in moles, about 1% of Cy4, 5% of Ci¢,42% of C1g, 12%
of Cy0 and 40% of Ci;. The operating procedure is
identical in all points to that described in example 2.

The IR and NMR spectra of the product show the
same characteristic bands as those of additive Al. A
solution of additive A3 is thus obtained. Additive A2
has an average molecular weight of 6 300 and 1ts poly-
dispersal 1s 1.2 (measured with S.E.C.).

EXAMPLE 5 (COMPARATIVE)

A solution of an unsaturated polyester is prepared in
the same way as in example 1 but differs from that de-
scribed in example 1 in that a hexadecyl epoxystearate
cut is used as the epoxidated compound. This cut was
obtained by epoxidation of olein (mixture of unsaturated
fatty acids whose average weight composition is given
in table I of the text of the present application), followed
by esterification of the epoxy-acid mixture obtained by
a mixture of alcohols comprsing, in approximate
weight proportions, 95% of n-hexadecylic alcohol, 3%
of n-octadecylic alcohol and 2% of an alcohol having
more than 18 carbon atoms in its molecule. After dilu-
tion in xylene to 50% in weight, a solution of additive B
1s obtained.

EXAMPLES 6 TO 9

The same solution of the same polyester described in
example 5 1s obtainel] in the same way as in example 5
and addition of the compounds with primary amine
functions onto various parts of this unsaturated polyes-
ter 1s carried out according to the operating procedure
described in example 2 and according to the molar
proportions of example 2. The infrared and N.M.R.
spectra confirm the structure of the products and, in
particular, addition of compounds with a primary amine
founction onto the double bond.

EXAMPLE 6

The prnimary amine added to the polyester is n-
octadecylamine. A solution of additive Bl is thus ob-

EXAMPLE 7

The primary fatty amine cut added to the polyester
consists of primary amines whose alkyl chains comprise,
in moles, about 1% of Cy4, 28% of Cijsand 71% of C;s.
A solution of additive B2 1s thus obtained. Additive B2
has an average molecular weight of 2 800 and its poly-
dispersal is 1.65 (measured with S.E.C.).

EXAMPLE 8

The pnimary fatty amine cut added to the polyester
consists of primary amines whose alkyl chains comprise
about 3% of Cg, 6% of Cio, 56% of Cj2, 18% of Ci4,
10% of Ci6, 2% of Cyg and 5% of unsaturated Ciz. A
solution of additive B3 is thus obtained. Additive B3 has
an average molecular weight of 2 600 and its polydis-
persal is 1.72 (measured with S.E.C.).
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EXAMPLE 9

The primary fatty amine cut added to the polyester
consists of primary amines whose alkyl chains comprise,
In moles, about 1% of Cy4, 5% of Ci¢, 429% of Cy35, 12%
of Cyoand 409 of Ci3. A solution of additive B4 is thus
obtained. Additive B4 has an average molecular weight
of 2 200 and its polydispersal is 2.15 (measured with
S.E.C)).

The additives described hereinabove are obtained in
solution 1n xylene. The concentration of the solution is
adjusted to 50% in weight of dry matter. This provides
stock solutions of these additives whose activity is
tested by incorporating them at a proportion of 0.1% in
weight with respect to the gas oil whose characteristics
were given in table 11 hereinabove.

The results of these determinations are grouped to-
gether in table 111 hereinafter. They clearly show simul-
taneous improvement of the chill point and the flow
point which allow us to obtain the modified polymers
according to the invention with respect to a gas oil
without an additive and with respect to use of a non-
modified unsaturated polyester (A or B) (comparative
example).

TABLE I11

Additives Chill point (*C.) Flow point 'C.)
7% weight Gi G2 G] G2

nil -1 -2 -9 -G
0.1% A -1 -2 -9 -9
0.19% Al -2 -3 -12 —12
0.1% A2 -3 -3 —15 — 18
0.19 A3 -3 —4 ~12 -12
0.19: B —1 -2 -9 -9
0.1 Bl -3 —4 —1]2 -—12
0.1 B2 -3 —4 -12 —12
0.1% B3 -2 -3 —24 —24
0.179: B4 -3 —4 — 158 - 12

What is claimed is:

1. A petroleum middle distillate composition com-
prising a major proportion of middle distillate having a
distillation range between 150° and 450° C. and a minor
proportion, sufficient for simultaneous decrease in the
chill point and flow point, of at least one polymer com-
prising a substantially linear side chain having at least 8
carbon atoms, said polymer being of an average molec-
ular weight ranging from 400 to 20,000, comprising
amino-substituted groups resulting from

an addition reaction of at least one compound having

a primary amine function, comprising 1 to 61 car-
bon atoms, and being of one of the general formu-

lae:
R%—Z—{(CH2),NH]»n—H (111)

and

HO—RI9—NH; avj

in which RY represents an aliphatic group having 1

to 60 carbon atoms, Z 1s —0Q—, —NH-—, or —NR-

H  in which R!! represents an aliphatic group
having 1 to 60 carbon atoms, n is a whole number
from 2 to 4 inclusive, m is zero to 4 inclusive when
Z is —NH-, or a whole number from 1 to 4 inclu-
sive in all other cases, R10 represents a bivalent
aliphatic group having 2 to 61 carbon atoms,
with an unsaturated polyester resulting from the con-
densation of at least one alpha ethylenically unsatu-
rated dicarboxylic compound with at least one
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epoxidated compound having 4 to 62 carbon atoms
and being one of the general formulae

R2 R ()

I i
RI=C C—R4—0—R®
N\ /

O

and

R2 R3 (I11)

: l
RI=~C C—R4—C—0—R®
N\ /

O

[
O

in which R! and R3, identical or different, each
represent a hydrogen atom or a lower alkyl group
having 1 to 4 carbon atoms, R? represents a hydro-
gen atom, an alkyl group having 1 to 57 carbon
atoms or an aliphatic group comprising 1 or more
oxirane cycles and having 3 to 57 carbon atoms, R4
represents an alkylene group having 1 to 57 carbon
atoms, R° represents an alkyl group having 1 to 57
carbon atoms or an alkanoyl group of formula

R6—C—, RS
I
o

represents an alkyl group having 1 to 56 carbon-
atoms, |

the epoxidated compound/dicarboxylic compound

molar ratio being from about 0.4:1 to 1.8:1 and the
compound having a primary amine function/dicar-
boxylic compound molar ratio being from about
0.2:1 to 1.5:1.

2. A middle distillate composition according to claim
1, the petroleum component of the composition consist-
ing essentially of a gas oil cut having a distillation range
from an initial temperature of about 160° to 190° C. to a
final temperature of about 360° to 430° C. and wherein
the proportion of polymer is from 0.001 to 2% in
weight.

3. A petroleum distillate composition according to
claim 1, wherein said substantially linear side chains
contain at least 10 carbon atoms.

4. A petroleum distillate composition according to
claim 1, wherein said substantially linear side chains
contain at least 12 carbon atoms.

5. A petroleum distillate composition according to
claim 1, wherein said side chains having at least 8 car-
bon atoms are provided by at least the compound hav-
Ing a primary amine function.

- 6. A petroleum distillate composition according to
claim 1, wherein said side chains having at least 8 car-
bon atoms are provided by at least the epoxidated com-
pound.

7. A petroleum distillate composition according to
claim 1, wherein said side chains having at least 8 car-
bon atoms are provided by both the epoxidated com-
pound and the compound having a primary amine mean
function.

8. A petroleum middle distillate composition accord-

ing to claim 1, wherein the polymer has a molecular
weight of 500 to 10,000.
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9. A petroleum middle distillate composition accord-
ing to claim 1, wherein the polymer has a molecular
weight of 500 to 7,000.

10. A petroleum middle distillate composition ac-
cording to claim 2, wherein the polymer has a molecu-
lar weight of 500 to 10,000.

11. A petroleum mddle distillate composition ac-

10

15

20

25

30

35

45

55

65

14
cording to claim 2, wherein the polymer has a molecu-
lar weight of 500 to 7,000.

12. A petroleum distillate composition according to
claim 1, wherein the proportion of polymer is from 0.01
to 1% by weight.

13. A petroleum distillate composition according to
claim 1, wherein the proportion of polymer is from 0.02
to 0.39% by weight.

* % ¥ =X =%
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